Abstract: Second order nonlinearity vanishes for centrosymmetric materials in the dipole approximation. For metamaterial this means second-harmonic-generation is negligible in highly symmetric meta-atoms. We show a new type of meta-atom in which the dipolar approximation breaks down.
Introduction
The field of nonlinear optical metamaterials has received significant attention recently [1, 2, 3] . There have also been several attempts at devising a strategy for the design of meta-atoms with optimal conversion efficiency [4] . The design paradigm was to investigate the linear response of the metasurface and increase the modal overlap between a chosen resonance at the fundamental frequency (FF) and another resonance at the second harmonic (SH) frequency of interest. In this work we show that the linear response of the structure may be misleading in predicting the response of a given structure. For this purpose we investigate a structure as shown in fig 1 (a) . A rectangular cuboid semiconductor with a metallic bar on top and surrounded by a partial metallic back plane (no metal underneath the resonator). We claim that this structure is able to generate second harmonic radiation despite having in-plane inversion symmetry and we attribute this to higher order modes excited in the resonator.
Structure design and linear characterization
Our structure consists of a cuboid of semiconductor that is designed to have quantum wells with intersubband transitions that give rise to giant second order nonlinearity in the zzz term of the susceptibility tensor χ (2) [3, 5] . Figures 1(b,c) depict the z component of the electric field (at a fundamental frequency of 96THz) when the structure is excited with a normal incidence plane wave. The dipolar response of the resonator is clearly visible. The nonlinear polarization at the SH can be visualized by squaring the E z fields inside the resonator; this changes the symmetry with respect to the YZ plane from antisymmetric to symmetric. In turn, this nonlinear polarization profile cannot excite an x-polarized dipolar mode. Furthermore, due to the in-plane inversion symmetry a y-polarized dipole also cannot be excited.
Nonlinear response
We carry out a numerical study using a finite-diference time-domain solver. For the nonlinear simulation we excite the structure with a narrowband (~0.3THz) plane wave and record the power radiated from the metasurface for a broad frequency range. Figure 2(a) depicts the injected, reflected and transmitted power from the metasurface. We obtain a conversion efficiency of 9x10 -5 W/W 2 when using a χ (2) =1 nm/V for the semiconductor slab (this value is similar to predicted values for the conventionally used split rings [3] or T resonators [1] ). This is in-spite of the resonator having a high degree of symmetry which should cause complete destructive interference for second order nonlinear processes. figure 1 . We clearly see that the field distributions are symmetric with respect to the YZ plane. This is expected because the nonlinear polarization is of the form (2) = (2) 2 resulting in a symmetric spatial profile. Furthermore this field profile is more complicated than a dipolar distribution attesting to the fact that higher order modes are indeed oscillating in the resonator at the SH.
